In the PETRA storage ring of the DESY laboratory at Hamburg, a new generation of 600 kW, 60 X efficiency, modulating anode equipped cw high power 500 MHz klystrons has successfully passed its first two-year period of routine operation. Based on this experience, a development program is under way at Valvo Hamburg trying to push the state of the art to the 1 MW cw 70 % efficiency level. In addition to 500 MHz, the program includes klystrons with other frequencies in the 300 to 1000 MHz range.
Introduction
In addition to military applications and UHF-television, the needs of particle accelerators have significantly motivated the development of high power klystrons. In the beginning, there was the request of linear electron accelerators for L-band and S-band pulse tubes with several megawatts of peak output power per unit for pulse lengths of a few microseconds. In the more recent years, the construction of large electron synchrotrons and storage rings required long pulse and cw tubes in the UHF-region. The power range of these tubes between 0.1 and 1.0 MW cw or average is by more than one order of magnitude higher than that of UHFtelevision klystrons. Until the mid-seventies, 200 -300 KW cw per unit with efficiencies slightly above 40 % were achieved both in Europe and in the US. Then the PEP and PETRA projects at Stanford and Hamburg requested even higher powers which, in turn, necessitated higher efficiency tubes in order to cut down the operating costs because in these machines the rfsystems became the dominating constituents of the laboratories' power bills. The total rf-power for PEP is around 6 MW, for PETRA 4 -5 MW (first stage) or 8 -10 MW (second stage). For the CERN future project LEP, up to 96 MW of rf-power are in discussion. In order to simplify both the rf-transmitter systems themselves, and the routine operation of these systems, the number of tubes necessary to generate the total power has to be as small as possible, or, respectively, the output power p2r unit as large as possible. 
PETRA-Klystrons
For PETRA, the rf-transmitters (see 4igures 1 and 2) were developed and constructed at DESY I , whereas the new generation of klystrons necessary for these transmitters was designed and manufactured by Valvo, Hamburg according to the DESY design objectives. The main features were -500 MHz with respect to the DESY synchrotron radiofrequency, -high efficiency because of the power cost for the generation of 4 MW (minimum) of rf-power, -500 kW cw minimum output power per unit in order to restrict the number of sockets to 8 for the 19 GeV first stage of PETRA, -"modulating" or "accelerator" anode, and air insulation for the gun, providing easy control of the output power level. 
